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Objective: To describe the independent and combined effects of oral nutrition
supplementation and resistance training on health outcomes in nutritionally at risk
older adults following lower limb fracture.

Design: Randomized controlled trial with 12-week masked outcome assessment.
Setting: Teaching hospital.

Participants: One hundred nutritionally at risk older adults hospitalized following a
fall-related lower limb fracture.

Intervention: Commenced seven days after injury. Consisted of daily multinutrient
energy-dense oral supplement (6.3 kJ/mL) individually prescribed for six weeks (n=
25), tri-weekly resistance training for 12 weeks (n = 25), combined treatment (n = 24)
or attention control plus usual care and general nutrition and exercise advice (n = 26).
Measurements: \Weight change, quadriceps strength, gait speed, quality of life and
health care utilization at completion of the 12-week intervention.

Results: At 12 weeks, all groups lost weight: nutrition —6.2% (—8.4, —4.0);
resistance training —6.3% (— 8.3, — 4.3); nutrition and resistance training —4.7%
(—7.4, —2.0); attention control —5.2% (—9.0, — 1.5). Those receiving resistance
training alone lost more weight than those receiving the combined treatment (P=
0.029). Significant weight loss was prevented if supplement was consumed for at
least 35 days. Groups were no different at 12 weeks for any other outcome.
Conclusion: Frail, undernourished older adults with a fall-related lower limb fracture
experience clinically significant weight loss that is unable to be reversed with oral
nutritional supplements. Those receiving a programme of resistance training without
concurrent nutrition support are at increased risk of weight loss compared with those
who receive a combined nutrition and resistance training intervention. In this high-risk
patient group it is possible to prevent further decline in nutritional status using oral
nutritional supplements if strategies are implemented to ensure prescription is
adequate to meet energy requirements and levels of adherence are high.
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Introduction

Fall-related osteoporotic fractures are a major
cause of disability and loss of independence for
older adults. Most of the burden is due to lower
limb fractures and in particular h1p fractures,
which increase exponentially with age.! Hip frac-
tures have serious medical and social consequences
for older people, with recent United States research
suggesting that hip fracture reduces life expectancy
by 25%, 13% of patients move from the community
to residential care and that estimated lifetime cost
for the Umted States in 1997 probably exceeded
$20 billion.?

Undernutrition is an important and amendable
predictor of morbidity and mortality in older
adults, as well as a l‘ISk factor for osteoporosis
and fall-related fractures.® Between 39% and 65%
of elderly patients admitted to hospital with a
fractured hip show evidence of protein—energy
undernutrition.*> In hospital the situation is likely
to deteriorate as the energy and protein intake of
orthopaedic patients 1s often well below recom-
mended requirements.® Undernutrition may impair
recovery from lower limb fracture and has been
associated with increased incidence of complica-
tions and infection, length of hospital stay and
mortality.” "2

In the clinical setting, nutritional status in older
patients at ddmISSlOIl to hospital and beyond is
largely ignored.'* Oral nutritional supplements
may be prescrlbed to maintain or improve nutri-
tional status'* but consumption is notoriously low
when offered as an optional between-meal bev-
erage as is common practice in many hospitals."’
Many clinicians consider some form of nutritional
supplements for hip fracture patients a matter of
routine although a recent systematic rev1ew iden-
tifies the supporting evidence as weak.'® Although
some studies are positive others fail to show
improvements in outcome. This discrepancy may
be due to insufficient provision of energy and
protein to preserve lean body mass and promote
muscle strengthening. The physiological response
to negative energy balance is use of protein stores
(primarily skeletal muscle) for energy metabolism
and hence the potential for 1mproved muscle mass
and strength becomes restricted.'”

Decreased muscle mass and strength is asso-
ciated with increased risk of falls and susceptibility

to injury and lower limb fracture.'®?° Rando-
mized controlled trials examining strength and
balance retrammg exermse programmes have
shown reductions in falls*' and a small study of
hip fracture patients has suggested that strength-
ening hip and knee muscles may improve mobi-
lity.2?

Despite established associations and potential
interactions between nutrition, mobility, strength
and strength-related functional outcomes, there
have been no randomized controlled trials amongst
older adults that approximate usual clinical prac-
tice immediately following a lower limb fracture
and where a combination of both nutrition and
resistance training are provided.

Randomized controlled trials of oral nutrition
supplementation following hip fracture incorpo-
rate a range of important outcomes including
achievement of rehablhtdtlon goals,” indicators
of muscle strength®® and functional perfor-
mance.?* "2’ Randomized controlled trlals of phy-
sical therapy following hip fracture®>? 3! by
contrast generally do not consider nutrition out-
comes. Understanding changes to nutritional sta-
tus is critical to understanding the effectiveness of
these therapies.

The aim of this study was to determine the
independent and combined effects of oral nutri-
tional supplementation and resistance training on
weight, quadriceps strength, gait speed, quality of
life and health care utilization in a sample of
nutritionally at risk older adults with a recent lower
limb fracture.

Methods

Participants

All participants were recruited from the ortho-
paedic wards of the Flinders Medical Centre,
Adelaide, South Australia. Patients aged >70
years consecutively admitted to Flinders Medical
Centre with a fall-related lower limb fracture
between September 2000 and October 2002 were
screened for inclusion in the study. Patients were
excluded who (1) did not reside within southern
Adelaide, (2) were unable to comprehend instruc-
tions relating to positioning of the upper arm for
eligibility assessment, (3) were unable to fully-
weight bear on the side of the injury for more than
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seven days post admission, (4) were not indepen-
dently mobile prefracture, (5) were medically
unstable >seven days post admission, (6) were
suffering from cancer, chronic renal failure, un-
stable angina or unstable diabetes or (7) were not
classified as malnourished, ( = 25th percentile for
mid-arm circumference of a large representative
sample of older Australians —27.0 cm and 26.3 cm
for males and females respectively).”> Mid-arm
circumference was used as a practical alternative to
body mass index for eligibility screening due to the
practical difficulties in obtaining accurate weight
and particularly height without discomfort in older
patients immediately following lower limb fracture
and/or surgery. The World Health Organization
recommends the use of mid-arm circumference for
screemng older adults for nutritional interven-
tions.*

The study was approved by the Flinders Medical
Centre Clinical Research and Ethics Committee
and written informed consent was obtained from
each participant or next of kin in the presence of
cognitive impairment.

Randomization

Participants were randomized by using a strati-
fied (admission accommodation: community or
residential care), block randomization method
(blocks of 12) following baseline assessment. The
Pharmacy Department maintained a computer-
generated allocation sequence in sealed opaque
envelopes.

Trial interventions

Participants were randomized to receive usual
clinical care (including general nutrition and
exercise advice, usual dietetic and physiotherapy
care, transfer to residential care, rehabilitation
facility or directly home) in addition to treatment
incorporating oral nutrition supplementation and/
or resistance training. Interventions commenced
seven days following fracture and were individually
prescribed and supervised.

Nutrition supplementation

Fortisip (Nutricia Australia Pty Litd), a complete
oral nutritional supplement (6.3 kJ (1.5 kcal)/mL,
16% protein, 35% fat and 49% carbohydrate) was
chosen as the oral nutritional supplement for the
study. At the time the study was performed

Fortisip was the only commercially manufactured,
complete energy-dense supplement with a compre-
hensive range of flavours available in Australia. A
single oral nutritional supplement was chosen for
the study as there is evidence to suggest that using
a variety of supplements from different manufac-
turers does not achieve high levels of adherence®*
and use of a smgle oral nutrmonal supplement is
common practice in similar trials.'® Fortisip was
prescribed to cover the shortfall between indivi-
dual estimated energy requirements and literature
estlmates of dietary intake in elderly hip fracture
patients.®*> Individual theoretical energy require-
ments were based on the Schoﬁeld equation to
estimate basal metabolic rate,*® with adjustments
for physical activity (1.2), trauma (1.35) and weight
gain (0.25 kg/week).3” The literature reports aver-
age daily energy intake as approximately 55-65%
of these estimated requirements. Hence, supple-
ment volumes were prescribed to meet 45% of
individually estimated total energy requirements
(i.e. shortfall between estimated energy require-
ments and literature estimates of energy intake)
and ranged from 580 to 800 mL per day.

Four doses of equal volume of supplement were
administered daily from the drug trolley on
medication rounds by nursing staff. Volume pre-
scribed and consumed was documented at each
dose. On discharge from hospital, those admitted
to residential care received the supplement as
described for the hospital setting. For those
discharged home scheduling (twice a day or
more, daily volume constant) was negotiated with
the participant and/or next of kin or carer. Volume
of supplement consumed was recorded at each
dose using a standardized format in a trial diary.
Research staff checked the intake record and made
a count of supplement packages at tri-weekly visits
for the six-week intervention to confirm adherence.
Adherence is reported as the median daily supple-
ment consumption calculated over the 42 days of
the intervention and expressed as a percent of daily
volume prescribed. The duration of the nutrition
supplementation was determined following a re-
view of the literature which suggested that the most
common duration (10-38 daysg was not sufficient
to achieve positive outcomes.®”?* 38 Weekly visits
from weeks 7 to 12 were provided to match
the participant contact in the resistance training
intervention.
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Resistance training

The training was supervised by a physiotherapist
three times per week, 20—30 min per session, for 12
weeks. To ensure the resistance training interven-
tion was standardized, the trial physiotherapists
were instructed to deliver only the structured
programme of therapy to participants. The pro-
gramme incorporated progressive resistance train-
ing (using latex-free resistive elastic bands: REP
Band, Magister Corporation, Chattanooga, TN,
USA) of the hip extensors and abductors (supine),
knee extensors (supine or sitting) and ankle dorsi-
and plantar-flexors (supine or sitting). The fre-
quency and duration of the resistance training
programme was determined following a review of
literature which suggested that positive outcomes
could be achieved with tri-weekly training for
between eight and 15 weeks.> ~**

Commencing resistance was appropriate to
baseline strength, pain level and range of move-
ment of both the injured and non-injured limb. It
was increased as soon as two sets of eight
repetitions of the exercise could be completed in
good form, determined on an individual basis at
the discretion of the physiotherapist. Adherence
and progression were documented by the phy-
siotherapist, the participants and/or carer/next of
kin using a standardized format in a trial diary.
Adherence is reported as the number of sessions
completed of those prescribed (total sessions = 36)
multiplied by 100.

Attention control

To account for the possibility of an attention
effect* this group received tri-weekly visits (of
equivalent duration) weeks 1-6 and then weekly
visits weeks 7—-12, to match the home visits of the
active intervention groups. Discussions during
these visits were limited to general information
(e.g. benefits of regular exercise and nutrient-dense
meals). All participants were encouraged to con-
tinue treatments as prescribed during the hospital
admission or by their treating health professionals.

Measurements and procedures

Medical records provided baseline demographic
and clinical data prior to randomization including
age, gender, prefracture living accommodation and
type of fracture. Baseline cognition was deter-
mined using the Short Portable Mental Status

Questionnaire (SPMSQ),** quality of life using
the Short Form 12%¢ and premorbid functional
ability using the Modified Barthel Index.*’ At
discharge from hospital, medical records were
used to determine discharge destination and
hospital length of stay.

Mid-arm circumference (+0.1cm), weight
(£0.1 kg) and knee height (+0.1 cm) were mea-
sured using standard equipment and procedures.*
Stature, estimated from knee height,4 was used to
calculate the estimated body mass index (eBMI:
kg/m?).** Quadriceps strength (+0.1 kg) was mea-
sured using a hand-held Nicholas Manual Muscle
Tester (Lafayette Instrument, Lafayette, IN, USA).
Assessment of quadriceps strength was performed
with the leg flexed at the hip and knee to 90° and
the manual muscle tester placed on the distal tibia
immediately proximal to the ankle joint along the
line of the tibia. The participant was instructed to
attempt to extend their knee by pushing their ankle
outwards through the manual muscle tester whilst
the assessor applied sufficient force to prevent
movement. The test procedure was repeated three
times (15 s intervals) on each leg.

Venous blood was analysed for 25-hydroxy-
cholecalciferol (vitamin D) by immunoassay (Im-
muno Diagnostic Systems Ltd, Boldon, UK).
Dietary intake was assessed using a plate waste
method for up to five consecutive days following
consent (days 6—11) and energy intake calculated
using a dietary analysis program (SERVE Nutri-
tion Management Systems for Microsoft Windows
Version 3.0, 2000; SERVE Nutrition Management
Systems, Sydney, Australia).

Research staff blinded to treatment allocation
performed outcome assessments (weight, quadri-
ceps strength, gait speed, quality of life) 12 weeks
after commencement of trial interventions. Gait
speed (not measured at baseline due to inability of
patients to mobilize comfortably) was measured as
the time (seconds) taken to walk the middle 10 m
of a 15-m walk using a Sportline 240 Econosport
Stopwatch (Sportline, USA). Participants were
instructed to walk using their usual aids and at
their normal walking pace and were provided with
several metres to accelerate and decelerate before
and after the test distance. Weight was also
collected at the weekly visits by the visiting
therapist.
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Statistical analysis

All data were analysed using the SPSS statistical
package (SPSS for Windows, Advanced Statistics,
version 11.5.0 2002; SPSS Inc, Chicago, USA).
Descriptive statistics were calculated according to
treatment group (baseline and 12 weeks), values
are reported as median or mean (95% confidence
interval). Analyses were performed using an inten-
tion to treat approach.

A total sample size of 100 patients (25 per
group) was projected to provide power of 80%
with alpha =0.05 to detect a clinically meaning-
ful 5% difference in weight change®*>® between at
least one pair of the four groups. The trial was
not powered to detect an interactive effect bet-
ween the nutrition and resistance training inter-
vention.

Differences across treatment groups were ana-
lysed using analysis of variance (ANOVA) for
normally distributed data, Kruskal-Wallis for
non-parametric continuous data and chi-square
tests of association for categorical data. Data were
conditionally missing at random and therefore
imputation was performed using expectation—
maximization (EM) algorithm.

Percentage weight change from baseline (day 7
post injury) was calculated. Negative values repre-
sent weight loss, positive values represent weight
gain. Missing values were not imputed as no other
variables were measured on a weekly basis. A linear
mixed modelling procedure’' was fitted to prevent
cases with missing data being deleted and to look
at differences across treatment groups: week 1-
week 6, week 7-week 12 and week 1-week 12.
Where a group effect was significant Bonferroni
post-hoc tests were performed. To determine
whether percentage weight change in the first six
weeks was similar to the change observed in the
second six weeks according to treatment group,
repeated measures ANOVA (Bonferroni post-hoc
tests) was performed.

Results

Recruitment and retention of participants
Recruitment, randomization and retention of
participants are described in Figure 1. One hun-
dred patients provided consent (67% of total
eligible). Reasons for not consenting included too

many visits (n = 14), too unwell (n=7), family
concern for demands on patient (r=15) and
inability to contact next of kin within seven days
(n=35). There were no significant differences
between those identified as eligible who agreed or
refused to consent. Ninety-three per cent com-
pleted the study to 12 weeks and there was no
difference in the level of retention between treat-
ment groups, P =0.872.

Baseline characteristics, nutrient intake and
discharge destination

Table 1 presents baseline characteristics of
participants according to treatment group. Statis-
tical comparisons indicated the groups were well
matched. Mean (95% confidence interval (CI)) age
of participants was 83.5 (82.3, 84.7) years, 79%
were female, 76% were admitted to hospital from
the community and 86% had suffered a fall-related
fractured neck of femur. According to the SPMSQ,
48% of participants had cognitive impairment.
Participants reported a high level of independence
in ADL prior to fracture (Modified Barthel Index
100, 95% CI 98, 100). Mean (95% CI) estimated
body mass index, mid-arm circumference and
vitamin D status were 22.1 kg/m? (21.6, 22.7),
22.6 cm (22.1, 23.0) and 36 nmol/L (32, 43) respec-
tively. During admission to the acute care setting,
28 participants were referred for dietetic interven-
tion as part of usual care (nutrition » = 6, exercise
n = 6, nutrition and exercise n = 5, attention con-
trol n =11, P =0.302).

Excluding supplements, participants consumed
68+20% estimated energy requirements adjusted
for activity level and this reduced to only 44 +13%
when requirements were adjusted for activity
level, skeletal trauma and weight gain. There
was no significant change in the level of energy
intake across the five days of data collection,
P =0.790.

On discharge from acute care 52 participants
were discharged to a rehabilitation programme, 12
were transferred to a community hospital, 16 were
discharged to higher level care and 20 returned
directly to their pre-injury admission accommoda-
tion.

Treatment effects
Cumulative percentage weight change during
weeks 1-6, 7-12 and over the whole intervention
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Consccutive admissions
assessed for eligibility (n=620)

Not randomized (n=520)
- Not meeting inclusion criteria (1=470)

- Refused to participate (n=50)

Randomized (n=100)
Consent rate 67% of eligible

Resistance training

(n=25) (n=25)

Nutrition supplementation I

Nutrition supplementation & resistance training

(n=24) (n=26)

I Auention control l

T

12 weeks follow-up
(n=23)
Death (n=2)

12 weeks follow-up
(n=23)
Withdrawn (n=1)
Death (n=1)

12 weeks follow-up
(n=22)

Withdrawn (n=1)
Death (n=1)

12 weeks follow-up
(n=25)
Withdrawn (n=1)

Figure 1 Recruitment, randomization and progression of nutritionally at risk patients aged > 70 years who participated in a
randomized controlled trial of oral nutritional supplements and progressive resistance training following a fall-related lower limb

fracture.

period are shown in Table 2. For weeks 1-6 and
weeks 7—-12 there was a significant time effect
(F(5,30|.9) = 3822, P= 0002, F(5,196.6) = 3512, P=
0.005 respectively) but only a significant group
effect for weeks 1-6 (F(3.96.0) =3.320, P =0.023),
with Bonferroni post-hoc testing confirming parti-
cipants allocated to resistance training lost more
weight than those allocated to the combination of
nutrition and resistance training, P =0.014. The
time and group effects were maintained over weeks
1-12 (tlme F(11’440‘3) =41, P < 0001, group
Fi3,1206)=2.9, P =0.038) and similarly Bonferroni
post-hoc analysis confirmed greater weight loss in
those allocated to resistance training compared to
combined nutrition and resistance training, P =
0.029. According to repeated measures ANOVA,
there was a significant time by group interaction
(P =0.019). Bonferroni post-hoc tests confirmed
that those allocated to resistance training lost more
weight in the first six weeks compared with the
second six weeks (—5.2% versus —0.1%, P=
0.003).

Table 3 presents quadriceps strength, gait speed,
quality of life and health care utilization outcomes
across treatment group at 12 weeks. At 12 weeks all
four treatment groups performed similarly for gait
speed (P =0.933), and quadriceps strength for
both the injured and non-injured limb (P = 0.493
and P = 0.894 respectively). There were no signifi-
cant differences in quality of life, readmission to
hospital or admission to higher level care across
treatment groups.

Adherence to the interventions

The median (95% CI) percentage of prescribed
volume of nutritional supplement consumed daily
calculated over the 42 days was 67% (46, 82) for the
49 participants who received supplement. There
was no difference (P =0.496) between the nutri-
tion group (n = 25; 76% (44, 89)) and the nutrition
and resistance training group (n =24; 66% (38,
82)). Thirty-five of 49 participants consumed at
least some supplement on 35 days or more and lost
less weight than those who did not adhere ( — 0.7%
versus — 5.5%, P =0.003). Adherence was corre-
lated with percentage weight change (r=0.374,
P =0.011). A detailed report of adherence to the
oral nutritional supplement intervention has been
described elsewhere.’”> Adherence to the 12 weeks
resistance training intervention reached > 8§6% for
all exercises performed.

Discussion

The results of the present study suggest that
resistance training in undernourished older adults
without concurrent nutrition support amplifies
nutritional risk, potentially limiting the effective-
ness of rehabilitation and synergistically compro-
mising clinical outcomes. Cumulative weight loss
for the combined nutrition and resistance training
intervention was 4.7% compared with 6.3% in
those receiving resistance training alone. Despite
clinically significant weight loss across all treat-
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Table 1 Baseline (prior to randomization) demographics, physical performance and self-report measures for 100 nutritionally at
risk patients aged > 70 years who participated in a randomized controlled trial of oral nutritional supplements and progressive

resistance training following a fall-related lower limb fracture. All values are median (95% CI) unless otherwise stated

Characteristic Treatment group®

Nutrition Exercise Nutrition and exercise  Attention control
(n=25) (n = 25) {n=24) (n=26)
Age (years), mean (95% ClI) 83.5 (81.0, 86.0) 84.8(82.3,87.4) 82.7 (80.3, 85.0) 83.1 (80.5, 85.7)
Female, n (%) 21 (84%) 20 (80%) 17 (71%) 21 (81%)
Living at home, n (%) 19 (76%) 19 (76%) 19 (79%) 19 (73%)
Fractured neck of femur®, n (%) 23 (92%) 21 (84%) 22 (92%) 20 (77 %)
Impaired cognition®, n (%) 11 (44 %) 12 (48%) 8 (33%) 17 (65%)
Length of hospital stay (days)
Acute 10.0 (6.0, 17.0) 11.0 (8.0, 17.0) 10.0 (7.0, 12.0) 12.0 (6.0, 22.0)
Rehabilitation® 18.0(13.0, 23.0) 21.5(10.0, 62.0) 22.0(16.0, 34.0) 17.0 (14.0, 39.0)
Total 24.0(18.0, 29.0) 23.0(16.0, 32.0) 27.5(13.0, 31.0) 24.0 (17.0, 30.0)

Nutritional health
Weight (kg), mean {95% Cl)

Estimated body mass index (kg/m?)®

53.0 (49.5, 56.6)

Mean {95% ClI) 21.9 (20.8, 23.0)

n (%) < desirable’ 14 (56%)
Vitamin D (nmol/L) 41 (33, 52)

n (%) < desirable? 12 (48%)
Physical performance
Quadriceps strength, kg (injured) 2.7 (1.6, 3.9
Quadriceps strength, kg (non-injured) 4.9 (3.5, 6.5)

Modified Barthel Index", (range 0—100)
Quality of life'

SF-12 - physical {range 24-56)

SF-12 — mental (range 19-60)

100 (96, 100)

35.8 (26.8, 44.7)
54.0 (43.3, 57.2)

52.3 (48.2, 56.4)

21.4 (204, 22.4)
13 (62%)
32 (29, 47)
15 (60%)

1.6 (0.8, 3.0
43(2.2,58)
100 (95, 100)

38.9 (35.0, 47.8)
53.4 (491, 67.2)

57.5 (54.4, 60.6)

23.2(22.2, 24.2)
7 (29%)
41 (28, 55)
11 (46%)

3.0(1.4,3.6)
4.9(3.5,6.7)
100 (98, 100)

33.9 (28.9, 63.2)
459 (41.0, 57.3)

54.7 (50.3, 59.0)

22.1 (20.6, 23.6)
13 (50%)
32 (30, 45)
17 (65%)

1.81(1.0, 3.8
5.21(1.9, 6.5
100 (90, 100)

38.0 (29.9, 46.0)
46.1 (39.3, 63.3)

95% Cl, 95% confidence interval.

2 Treatment groups consisted of either six weeks of an individually prescribed volume of a 6.3 kJ/mL oral nutritional supplement
(nutrition), a 12 weeks resistance training programme (exercise), a combination (nutrition and exercise) or attention control.
Comparison across treatment groups were calculated using one-way ANOVA for normally distributed continuous data,
Kruskal-Wallis test for non-parametric continuous data and chi-square test of association for categorical variables. No

significant differences were identified across the four treatment groups.

5 Other fracture types included femur, tibia, fibula {n = 8) or pelvic (n=6).

¢ Cognition assessed using the Short Portable Mental Status Questionnaire.*®

9 Only calculated for subjects admitted to a rehabilitation facility or rehabilitation in the home, n = 52 (nutrition = 16; exercise =

10; nutrition and exercise = 14; attention control = 12).

© Stature estimated from measurement of knee height.*®

f Estimated body mass index > 22 kg/m? = desirable.®’

9 Vitamin D 40-160 nmol/L = desirable.

" Modified Barthe! Index.*’

" Quality of life assessed using the Short Form 12 (SF-12).46

ment groups, the present study shows that it is
possible to achieve weight maintenance in this frail
patient group if strategies are implemented to
ensure the nutrition supplement prescription is
adequate to achieve energy balance and levels of
adherence are high.

Of nine published oral nutritional support trials
in hip fracture patients,®*?*=27-3:353 4 variety of

positive outcomes are reported, including reduced
length of stay, reduced complications and im-
proved fatigue. However, these studies as a whole
present conflicting and inconsistent results. This
variability may be due to these studies failing to
account for the imbalance between metabolic
requirements and supplement prescribed. Only
two of these studies have reported weight change
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Table 2 Mean (95% Cl) percentage weight change for 100 nutritionally at risk patients aged > 70 years who participated in a
randomized controlled trial of oral nutritional supplements and progressive resistance training following a fall-related lower limb

fracture
Percentage weight  Treatment group® P-value
change®
Nutrition Exercise Nutrition and Attention
exercise control
Week 1-week 6 —-26(—-47, -05 -52(-76, —28 —-09(-28,1.0) —-18(-4.0 03) 0.0234
n{%) =5%° 7 (28) 11 (44) 4(17) 7 (27)
Week 7-week 12 —-32(-54, -100 -0.1(-232.1) —-29(-50, —09 —-34(-7.003) 0.163
n (%) >5%° 5 (20) 4 (16) 7 (30) 6 (23)
Week 1-week 12 —-62(—-84, —40) —-63(—-83, —43) —-47(-74, -20) —-52(-90, —15) 0.038°
n(%) =5%° 13 (52) 14 (56) 12 {50) 12 (46)

95% Cl, 95% confidence interval.

2 Treatment groups consisted of either six weeks of an individually prescribed volume of a 6.3 kJ/mL oral nutritional supplement
(nutrition), a 12 weeks resistance training programme (exercise), a combination (nutrition and exercise) or attention control.
Comparison across treatment groups calculated using a linear mixed modelling procedure.®’

® Denominator altered as missing data were not imputed: baseline (n= 100), end of week 1 (n=99), week 2 (n = 98), weeks 3,
4, 5, 6 (n=96), week 7 (n=93), weeks 9 and 12 (n=93), week 11 (n=91), week 10 (n=90).

° N (%) >5% refers to the number and percentage of participants that lost > 5% body weight for a given time period.

9 post-hoc Bonferroni test, nutrition and exercise significantly different to exercise, P=0.014.

¢ Post-hoc Bonferroni test, nutrition and exercise significantly different to exercise, P=0.029.

during the period of intervention.?>?® The largest
and most recent of these’® reports clinically
significant weight loss similar to the present study.
In this quasi-randomized controlled trial, Bruce
et al.®® found that 28 days of an oral nutritional
supplement (235 mL) was insufficient to prevent
weight loss in 50 older women with a mean
baseline BMI 23 kg/m? (day 2-3 post operatively).
At the completion of the nutrition intervention,
32% of the total sample (n = 109) had lost more
than 5% of their baseline body weight. This
compares with 29% of the overall sample from
the present study losing more than 5% of baseline
weight (day 7 post injury) over the first six weeks
of intervention, highlighting that clinically signifi-
cant weight loss occurs even with individually
prescribed oral nutrition supplementation.

Similar to the findings of Bruce et al % the
present study found more weight loss during the
treatment period compared with the period im-
mediately following, possibly suggesting a differ-
ence in energy expenditure over the two periods of
time. This, however, is not consistent with the
literature that suggests a hypermetabolic state can
persist for three months after surgery.”* Another
plausible explanation might be that volitional
dietary intake improves over time; however, factors

influencing appetite of this patient group are
poorly understood. Studies of food intake follow-
ing hip fracture are mostly limited to the period
immediately post opr::rative6’35 and due to issues of
burden and validity of dietary intake assessment
the present study did not measure intake at follow-
up and therefore is unable to explore this possibi-
lity further. There is also the possibility that the
nutritional supplements displaced volitional intake
and when the supplementation ceased participants
did not respond with an increase in energy and
protein intake from meals. However, the limited
available evidence suggests that oral supplements
in hip fracture patients do not significantly reduce
volitional dietary intake.®

Strength, quality of life and health care utiliza-
tion outcomes assessed in the present study were
not altered significantly by the intervention. This is
not surprising since the results of the present study
suggested that participants remained in negative
energy balance until at least 12 weeks post injury.
The prescription of nutritional supplements in the
present study was based on energy requirements
estimated using standard predictive equations
established on very small numbers of older
adults.*® The actual dose required to achieve
positive energy balance remains unclear. However,
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Table 3 Comparison of outcomes at 12 weeks follow-up for 100 nutritionally at risk patients aged >70 years who
participated in a randomized controlled trial of oral nutritional supplements and progressive resistance training following a fall-
related lower limb fracture. Values represent median (95% Cl) unless otherwise stated

Outcome Treatment group®
Nutrition Exercise Nutrition and Attention control
(n=25) (n=25) exercise {n=24) (n=26)
Physical performance
Gait speed, m/s 0.5 (0.2, 0.6) 0.4 (0.3, 0.6) 0.3(0.2,0.7) 0.5 (0.3, 0.6)
Quadriceps strength, kg 4.5 (3.3, 5.9) 5.2 (3.8, 6.2) 5.7 (4.6, 7.6) 5.1 (3.4, 7.6)
{injured limb)
Mean (95% Cl) A from baseline 2.3 (1.0, 3.7) 3.6 (2.2, 5.0) 3.3 (2.1, 4.5) 2.7 (1.3, 4.0
Quadriceps strength, kg 6.5 (3.6, 8.8) 5.2 (3.7, 7.0) 6.8 (5.8, 8.8) 4.8 (4.3,7.2)
(non-injured limb)
Mean (95% Cl) A from baseline 1.1 (—0.2, 2.5) 1.7 (-0.0, 3.4) 1.5(0.0, 3.1) 1.0(-03, 2.4
Quality of life®
SF-12 physical component score, 31.6 (29.5, 37.3) 31.5(28.2, 41.9) 26.9 (22.6, 38.5) 30.1 (26.3, 36.3)
(range 24-56)
Mean (95% Cl) A from baseline —43(-9.1,05) —-55(-93, —1.7) —-78(-129, -27) —-6.0(-105 —-1.5)
SF-12 mental component score, 51.4 (43.8, 60.1) 51.3 (46.5, 57.8) 49.8 (46.8, 58.3) 495 (41.1, 58.8)
(range 19-60)
Mean (95% Cl) A from baseline 1.0(-28,47) —-12(-50,2.7) 3.1(-27,9.0 451(0.2, 88)
n (%) Readmitted to hospital® 2 (9%) 3 (13%) 2 (9%) 4 (16%)
n (%) Admitted to higher level 4 (17%) 5 (22%) 6 (27%) 6 (24%)

care®

95% Cl, 95% confidence interval.

® Treatment groups consisted of either six weeks of an individually prescribed volume of a 6.3 kJ/mL oral nutritional supplement
(nutrition), a 12 weeks resistance training programme (exercise), a combination (nutrition and exercise) or attention control.
Comparison across treatment groups calculated using one-way ANOVA for normally distributed continuous data and Kruskal~
Wallis test for non-parametric continuous data and chi-square test of association for categorical variables. No significant

differences were identified across the four treatment groups.

® Quality of life assessed using the Short Form 12 (SF-12).6

° Only assessed for subjects available for follow-up at 12 weeks, n = 93 (nutrition = 23; exercise = 23; nutrition and exercise =

22; attention control = 25).

in the present study participants were able to
achieve greater volumes and therefore greater
energy intake from the nutritional supplement
than any previous studies in this patient group
and in those that adhered, significant weight loss
was prevented.

The adherence data from the present study show
that weight remains relatively constant over 42
days for those that consumed supplement for > 35
days, whilst those who consumed supplement for
< 35 days lost 5.5% of their baseline body weight.
There was also a significant although moderate
correlation between adherence and percentage
weight change which suggested that as adherence
to the nutritional supplement improved, the
amount of weight change improved (less weight
was lost). It is important to interpret the findings
of this secondary analysis with caution as there

may have been additional factors that influenced
these results and a separate controlled trial would
need to be conducted to determine a true causal
relationship.

Older adults following hip fracture are a hetero-
geneous population but clinical interventions such
as nutrition support tend to be protocol driven
rather than individually tailored. The data of the
present study suggest that this frail group need a
more aggressive intervention to achieve improved
outcomes. The sample of the present study was
recruited sequentially, and included possibly the
most frail of all those presenting to the orthopae-
dic ward as they were selected to be undernour-
ished and there was no exclusion of patients
presenting with cognitive impairment. It was
hypothesized that these patients would have the
most to gain from the study intervention.
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The present study was powered to detect a
difference in percentage weight change between
the groups and one limitation in this trial is the
relatively small sample size. This meant that the
power to detect differences for other outcomes (e.g.
functional) may have been reduced. Only two
studies of oral nutritional supplementation have
reported power calculations and the sample 31ze of
the present study was similar’® or larger.”’ The
study interventions were not implemented until
day 7 post injury and there may have been
significant declines or complications prior to
commencing the interventions that impacted on
the effectiveness of treatment. Timing of interven-
tions following hip fracture is inconsistent with
oral nutrition supplementation trials commencing
anywhere between day 1 of admission to acute
care® to day 1 of ddmlsswn to rehabilitation
(w1thm three weeks)?’ and the earliest of the
exercise interventions commencing at discharge
from rehabilitation.® There are possibly other
unknown non-medical variables that may have
impacted on outcomes of all participants. Partici-
pation in research trials has been shown to impact
positively on outcomes.>® For ethical reasons the
present study could not withdraw usual care from
any participants referred for dietetic interventions.
Although not statistically significant there were a
larger number of participants in the attention
control group that were referred for dietetic inter-
vention. If these participants adhered to the
interventions recommended and remained in hos-
pital for a sufficient duration it is possible that this
may have diluted any treatment effect of the
interventions being evaluated. Collection of ad-
herence to usual dietetic interventions was beyond
the scope of this study, however evidence suggests
that adherence to oral nutritional supplements is
notoriously poor and the average acute length of
stay for participants in the attention control group
was only 12 days. Hence it is unlikely that allowing
usual care to continue in the attention control
group had any significant impact on the findings of
the present study.

A limitation of the data presented here is the use
of weight change as a main outcome as it may be
confounded by postoperative and inflammatory
response driven fluid balance changes. However,
randomization should limit this confounding
across the groups. Weight change has been identi-

fied as a nutritional outcome in several recent
SyStemdtIC rev1ews of nutrition support inter-
ventions>®~*® and significant weight loss is widely
used as an indicator of nutritional screening and
assessment.>® In addition, weight change provides
an indication of whether the intervention provides
sufficient energy to meet requirements and achieve
positive outcomes. Albumin has been used as the
nutritional indicator in the majority of ordl sup-
plementation trials in hip fracture patxents % but is
also subject to confounding related to injury and
surgery.60

Strengths of the study presented here are numer-
ous. To our knowledge it is the first trial in this
patient group to evaluate the effects of a combined
nutrition and resistance training programme, simi-
lar to protocols used in many clinical settings. The
interventions were individually prescribed and
administered according to baseline nutritional
status and strength, also approximating clinical
practice. Patients were not discriminated against
according to cognitive status and only those
screened as nutritionally at risk were approached
to participate, a protocol used to ensure that
patients with the most to gain were not excluded.
As previously noted, no studies have commenced
an exercise programme in this patient group so
soon after injury and adherence to the nutrition
intervention achieved an intake higher in volume
and nutrient density than any similar trials. It is
also worth noting that the data presented was
analysed using the principle of intention to treat,
whilst all but two similar trials of oral nutritional

Clinical messages

e  Undernourished older adults experience
significant weight loss following lower
limb fracture.

e  Decline in nutritional status using oral
supplements may be possible even if the
prescription meets requirements and ad-
herence is high.

e  Alternative methods of feeding should be
considered in those patients that do not
adhere to oral supplements.
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supplementation®>>? have excluded cases with
incomplete data.

In summary, the clinically significant weight
loss observed across all treatment groups is
concerning amongst this already nutritionally at
risk clinical group and further research is needed
to determine (a) the change in energy and
nutrient requirements of this group during both
acute and rehabilitation phases, (b) alternative
strategies for delivery of sufficient energy and (c)
the dosage of resistance training sufficient to
improve muscle strength. Until positive energy
balance and adequate nutritional status is
achieved it is likely that studies will continue to
observe a lack of clinical benefit from nutritional
supplementation. The data presented here suggest
that resistance training in nutritionally at risk
patients without concurrent nutritional support
may further compromise nutritional status. Given
the potential for undernutrition to result in
muscle wasting, reduced muscle power and work
capacity and mental apetthy,"”I6 we speculate that
failure to ensure adequate protein and energy
intake to correct existing undernutrition may limit
the effectiveness of physical therapy (which
further increases requirements) and synergistically
impact negatively on overall clinical outcomes.
Early and aggressive alternative methods such as
tube feeding should be considered in hip fracture
patients at nutritional risk to prevent further
deterioration in nutritional status and the asso-
ciated implications for those unable to achieve
adequate energy intake through diet and oral
nutritional supplements.
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